Field experiments were conducted to study the effect of biochar on potassium fertilizer leaching and uptake, efficiency and effectiveness of K fertilization, and economic viability of farming maize. Thirty tons ha -1 of biochar prepared from organic waste was applied to an Inceptisol. The experiment was arranged in a randomized block design with 7 treatments, namely control (without biochar and KCl), K1 (200 kg ha -1 KCl), BK0 (biochar, without KCl), BK1/4 (biochar + 50 kg ha -1 KCl), BK 1/2 (biochar + 100 kg ha -1 KCl), BK 3/4 (biochar + 150 kg ha -1 KCl), and BK1 (biochar + 200 kg ha -1 KCl) and three replicates for each treatment. The results suggest that biochar could replace and reduce KCl fertilizer. Biochar application increased the availability of nutrients by 69-89% for K + , 61-70% for Ca ++ , 39-53% for N total, 179-208% for P, and 14-184% for K.The results showed that the sole application of biochar increased maize production (6.24 Mg ha -1 ) by 14% compared sole application of KCl fertilizer (5.45 Mg ha -1 ). In contrast, dual application of biochar and 75% lower dosage of KCl fertilizer application increased maize production by 29%. Application of biochar and KCl fertilizer at the rate of 50 kg ha -1 resulted in the highest relative agronomic effectiveness (137%) and K fertilizer efficiency (18%). This application rate was also superior both technically and economically as assessed in terms of production (7.02 Mg ha -1 ), value of sales (revenue; IDR 19,305 million ha -1 ), income (IDR 8,663 million ha -1 ), and economic feasibility (R/C, 1.8).
storage capacity and microbes, and nutrient availability in the root zone of plants (Amonette & Joseph, 2009 ). Application of biochar leads to changes in pH, electrical conductivity (EC), cation exchange capacity (CEC), and nutrient availability (Liang et al., 2006; Gundale & DeLuca, 2007; Warnock et al., 2007) . Biochar can reduce N leaching and improve N use efficiency (Chintala et al., 2013; Steiner et al., 2008; Widowati et al., 2012) . The problem is whether biochar can reduce or replace KCl fertilizer so it can streamline potassium fertilization on maize plants. Based on the problem mentioned, a research was conducted to study the effect of biochar and potassium rate application, toward the efficiency and effectivity of fertilization, and also economic feasibility of maize cultivation business. It is hoped that biochar can reduce or replace the usage of KCl fertilizer that the need of potassium fertilizer can be reduced, therefore increasing the revenue of the cultivation business.
Method
Biochar was prepared by pyrolysis method in Bioenergy Laboratory of Tribhuwana Tunggadewi University from organic waste. The raw materials for biochar preparation were obtained form of organic waste (mostly consist of plant materials) of UPTD of Hygiene Waste Department of Malang City. These materials were sun dried to reach water content of about 17 % and then heated in the pyrolysis reactor at temperature of 500°C for 2 hours 5 minutes. The characteristics city waste and biochar are presented in Widowati et al. (2011) . Biochar pH was determined by the method of Amedna et al. (1977) , total C by ASTM method (2006) , and for N, P, K, Ca, Mg was employed the method described by Masulili et al. (2010) . Prepared biochar was applied to the field at the rate of 30 Mg ha -1 after 2 weeks of incubation. The experimental design used was randomized block design. All treatments received urea and SP 36 fertilizer at the rate of 90 kg N/ha and 100 kg P 2 O 5 /ha. Fertilization was done 6 days after planting (DAP), namely for the SP 36 and KCl, whereas, urea applied twice i.e. 1/3 part on 6 DAP and 2/3 part on 4 weeks after planting (WAP). Potassium fertilizer was given at 1 and 4 WAP and the treatments included an appropriate control, K1 (KCl 200 kg/ha), BK0 (biochar, without KCl), BK 1/4 (biochar + KCl 50 kg ha -1 ), BK 1/2 (biochar + KCl 100 kg ha ), and BK 1 (biochar + KCl 200 kg ha -1 ). Each treatment was replicated three times. In all there were 21 plots measuring 3 x 4 m 2 . Two weeks after biochar application maize (variety Bisi 12) was planted with an interplant distance of 80 x 25 cm resulting in a plant density of 50,000 plants ha -1 .Maize was harvested when the cob was dry while the seeds already glisen and reddish yellow, at the age of 110 days. At harvest (110 days after planting) soil samples were collected for analysing soil properties at the end of the experiment. Analysis of soil properties included soil organic matter (Walkley and Black wet oxidation method) (Soil Survey Laboratory Staff, 1992) , N (Kjedahl), P available (Bray 1), K available NH 4 OAC (buffered at pH 7.0), K unavailable (HCl 25%), and soil texture (sedimentation). Further analysis conducted on plant height, stem diameter (using caliper), leaf area (using leaf area meter), cob length and diameter, dry weight of: (stems, leaves, total above-ground plant, and maize), K (HNO 3 + HClO 4 ) level in leaves and stems at maximum vegetation (10 mst), K level inseeds at harvest and K uptake efficiency. The efficiency of K fertilization is calculated from the dry weight increase of crop yields for each weight unit of K, provided in the fertilizer material (Witt & Dobermann, 2006) . To measure the effectiveness of organic fertilizer it is used the calculation of Relative Agronomic Effectiveness (RAE) i.e. the ratio between the increase in results using a certain fertilizer to the increase in results using standard fertilizer multiplied by 100 (Ghosal et al., 2003) . Observation of dry weight was made by drying the plant material in an oven at 70 °C for 2 x 24 hours. K uptake of maize plants was determined by the weight of dry biomass and K levels.
The data were analyzed by using GENSTAT Release 12.2 software. Randomized group design analysis was done and continued with LSD test to see the differences among treatments.Furthermoreregression analysis was done to see the relationship among parameters. The economic feasibility of maize cultivation with biochar and dosage of K fertilizer were done by calculating the cost of production, revenue, income, and the feasibility of the business itself.
Results and Discussion

Soil and Characteristics of Organic Waste Biochar
The study was conducted during wet season (January-May, 2012) so there was no irrigation activity. The rainfall data taken from the climatology station of Karangploso Malang were 287 mm (January), 287 mm (February), 422 mm (March), 66.3 mm (April), and 24.12 mm (May). There was no pest and plant diseases encountered during the study. Prior the biochar application the soil had pH (H 2 O) 6:37, low C organic content (1,46%), low N (0.19%), sufficient P (24.38 mg kg -1 ), very low K (0.08 cmol kg -1 ), high Mg (3.81 cmol kg -1 ), low Ca (4.49 cmol kg -1 ), and cation exchange capacity (14.02 cmol kg -1 ). Dusty clay was used from the depth of 0-20 cm. The biochar organic waste came from urban organic waste (consist of the remaining leaves and stems of vegetables and fruits, maize, grass, leaves, trees, and ornamental plants) taken from Solid Waste Management Unit of Sanitation Department of Malang City. Biochar was produced from organic waste with 17-19% water content. The production was done at ). Biochar was sift with a 10-20 mesh sieve, before application.
Vegetative Growth of Maize Plants
The plant growth at the maximum vegetative phase does not show any difference among treatments in terms ofplant height and stem diameter. However, there are difference on the leaf area among treatments (Table 1 ). The application of either biochar without K fertilizer or with low rate of K fertilizer (50 kg ha -1 ), is better than solely K fertilizer. The biochar application of 30 Mg ha -1 , either without K fertilizer (BK0) or with K fertilizer at the rate of (50-150 kg ha -1 ), yield the same plant height and stem diameter as K fertilizer at the rate of 200 kg ha -1 . However, biochar application of 30 Mg ha -1 with K fertilizer at the rate of 200 kg ha -1 (BK1) yield the lowest leaf area. It also yield the lowest dry weight of leaf, stem, and total plant, which are the same, as K fertilizer addition at the rate of 200 kg ha -1 (K1) ( Table 2 ). Biochar with K fertilizer at the rate of 50 kg ha -1 , yields the highest dry weight of stems and total weight. According to Baronti et al. (2010) , the highest dry matter increase (120%) is obtained on biochar application at the rate of 60 Mg ha -1 , any higher rate would decreases biomass. The biochar application and K fertilizer with increased rate (100, 150, 200 kg ha -1 ), lowers the dry weight of stem as well as total plant weight. The biochar application without K fertilizer (BK0) yields better dry weight of leaves, stems, and total plant, compared to the application of K fertilizer only (K1) ( Table 1) .
Uptake and Efficiency of Potassium Fertilization in Maize Plants
K uptake in seeds did not show any differences among treatments, however there were differences found in leaves and stems. Biochar application without K fertilizer (BK0) results in higher K uptake in the leaves, than other treatments (Table 2 ). K uptake in the leaves increases 128% with biochar application only. Higher K uptake in the seeds and stems meanshigher efficiency of K fertilizer, with the value of R 2 in successive was 0.703 and 0.926. However, when biochar was combined with K fertilizer (100-200 kg ha -1 ) then there was decrease in K uptake in the stems by 4-92%. Biochar without K fertilizer and biochar with K fertilizer at the rate of 50 kg ha -1 , yields the same K uptake in the stems. K uptake increases since biochar can reduce leaching and increase nutrient availability (Chan et al., 2007; Yamato et al., 2006; Widowati et al., 2011) . The addition of higher rate K fertilizer (100, 150, 200 kg ha -1 ) will reduce the K uptake both in the leaves and stems (Figure 1 ). 
The Effects of Biochar and Potassium Fertilizer Rate Toward the Result Component, Maize Yield, and Relative Agronomic Effectiveness (RAE)
The components of maize yield and dry maize results show no difference among treatments ( Table 2) . As observed by Major et al. (2010) , during 4 years, maize yield does not increase significantly in the first year after biochar application of 20 Mg ha -1 in the Oxisol. In the second, third and fourth year respectively, there is maize yield increase in successive 28%, 30%, 140% compared to controls. Compared to the application without biochar (K1), the biochar application yield increases 11-16% (long-cob), 5-9% (cob diameter), and 2-6% (weight of 1000 grains). There is no difference among treatments on the dry corn yield, However there is an increase of 14% with the application of biochar at 30 Mg ha -1 compared to the K fertilizer application at the rate of 200 kg ha -1 . Biochar application can enhance the nutrient reserves in the root zone, reduce leaching, and increase yields. The increases of yields in successive is 10% and 6% for wheat and maize after application biochar of 10 Mg ha -1 (Baronti et al., 2010).
Biochar application with K fertilizer at the rate of 50 kg ha -1 (BK1/4) can increase the dry maize yield by 29%. These results are in line with the best maximum vegetative growth (dry weight plant) in the treatment of BK1/4. The further increase in fertilizer rate causes the dry maize yield decrease 6-20%. The biochar application with K fertilizer at the rate of 100 kg ha -1 (BK1/2) shows the lowest increase of dry maize (3%) and low K uptake in the seed is 7%, while the other treatments ranging from 13-30%. There may be a nutrient imbalance due to the overlyhigh accumulation of K. Too high concentration of K in soil is likely to reduce Ca and Mg uptake by plantsso that the growth is disturbed (Mutscher, 1995) . The K fertilizer application (200 kg ha -1 ) as well as biochar added with potassium fertilizer at the rate of 50-200 kg ha -1 , yield dried maize of 5.78-7.02 Mg ha -1 . The measurement of biochar effectiveness value is presented in Table 3 . The biochar application without K fertilizer and with K fertilizer at the rate of 50-200 kg ha -1 does not significantly affect the relative agronomic effectiveness (RAE). The effectiveness is a result that emphasize on the effects / results and it is less concerned about the rate of K fertilizer used to obtain the maize. The highest value of RAE (137%) is obtained from biochar with K fertilizer at the rate of 50 Mg ha -1 . The reduction of K fertilizer rate as much as ¾ of the standard rate yield no different result from other treatments. This shows the role of biochar for plants when combined with the use of low rate of K fertilizer. The RAE value of K fertilizer use is lower than biochar with K fertilizer at various rate (111-137%). 
Economic Feasibility of Maize Cultivation With Biochar and Potassium Fertilizer
Maize cultivation with and without biochar combined with inorganic fertilizers, shows economically feasible (R/C 1.5-1.8). Biochar with K fertilizer at the rate of 50 kg ha -1 (BK1/4) is the best technically and economically because it yield high production level (7.02 Mg ha -1 ), highest value of sales (revenue) which is IDR 19,305,000 ha -1 , highest income which is IDR 8,663,000 ha -1 and highest economic feasibility (R/C) which is 1.8 (Table 3) . A study assessing the impact of agronomic and cost to put biochar into the soil at various rate has been done Woolf (2008) . Technically the benefits of biochar application are: it is easy for farmers to implement, reduce the use of K fertilizer rate, lower production costs, help to solve problems of inorganic fertilizers scarcity, simple production installation, easy production and application on farming land, abundant raw materials in the surrounding farm, and capable of using agricultural waste which has been wasted. labor use is categorized as productive because the wages paid is less than the contribution of the labor to the cultivation business. The highest labor productivity is on the treatment without biochar which is only uses inorganic fertilizers (K1). The productivity based on the revenue and production are amounted to IDR 82,139/HKO and 29.87 kg/HKO with the wage of IDR 30,000/HKO (below the productivity value). This is because there is a difference in using the labors i.e. the 182.8 HKO ha -1 (without biochar) and 400.8 HKO ha -1 (with biochar). The use of labor on the cultivation business with biochar is high, because in the first year it is needed to provide necessary facilities and process of making biochar. The cost of biochar application on cultivation soils by Williams et al. (2010) 
Biochar and Potassium Fertilizers Dosage to Nutrient Element Availability
The biochar application is significantly different than without biochar (control and treatment K1) in terms of potassium (total and available), calcium, nitrogen and phosphorus (Table 4) . After harvest, nutrient from treatments K1 is not different from control. The i nutrient taken through the harvest lead to the reduced availability of nutrient provided by fertilizers. However, biochar cause the nutrient decrease to be low. The results show that the nutrient availability increases by biochar application, which is 69-89% (K+), 61-70% (Ca + + ), 39-53% (N total), 179-208% (P), and 14-184 % (K total). The results are in line with Major et al., 2010 who reports that the availability of K, Ca, Mg increased in the following years after biochar application of wood and KCl fertilizer. K level increases after: 37 days of wood biochar application in Oxisol Amazon Brazilian (Lehmann et al., 2003) ; 42 days after biochar application of green waste in Alfisol (Chan et al., 2007) ; and 75 days after biochar application (Rondon et al., 2007) . In contrast, Steiner et al. (2007) does not observe that K availability becomes greater after one cultivation season with wood biochar application on Oxisol. The availability of N in the soil increases with biochar application (Steiner et al., 2008; Widowati et al., 2012) . One time biochar application will be useful in the next planting season. Long-term effects of biochar on nutrient availability, due to the increased surface of oxidation and cation exchange capacity (CEC) (Liang et al., 2006) and can lead to greater nutrient retention.
Conclusions
The results show the sole application of biochar increased maize production (6.24 Mg ha -1 ) by 14% compared to the sole application of KCl fertilizer (5.45 Mg ha -1 ). In contrast, dual application of biochar and 75% lower rate of KCl fertilizer application increased maize production by 29%. Application of biochar and KCl fertilizer at the rate of 50 kg ha -1 resulted in the highest relative agronomic effectiveness (137%) and K fertilizer efficiency (18%). This application rate was also superior both technically and economically as assessed in terms of production (7.02 Mg ha -1 ), value of sales (revenue; IDR 19,305 million ha -1 ), income (IDR 8,663 million ha -1 ), and economic feasibility (R/C, 1.8). Means followed by the same letters in the same column are not significantly different (p=0.05).
